This study evaluated whether an exercise treadmill test could predict restenosis in 289 patients 6 months after a successful emergency angioplasty of the infarct-related artery for acute myocardial infarction. After excluding those with interim interventions (64), medical events (36), or medical contraindications to follow-up testing (25), both a treadmill test and a cardiac catheterization were completed in 144 patients, 88% of those eligible for this assessment. Four patients with left bundle branch block or pacemaker rhythm at the time of treadmill testing were also excluded from analysis. Of six follow-up clinical and treadmill variables examined by multivariable logistic regression analysis, only exercise ST deviation was independently correlated with restenosis at follow-up (x2=5, p=0.02). The clinical diagnosis of angina at follow-up, although marginally related to restenosis when considered by itself (p=0.04), did not add significant information once ST deviation was known. The sensitivity of ST deviation of 0.10 mV or greater for detecting restenosis was only 24% (13 of 55 patients), and the specificity was 88% (75 of 85 patients). The sensitivity of exercise-induced ST deviation for detection of restenosis was not affected by extent or severity of wall motion abnormalities at follow-up, by the timing of thrombolytic therapy or of angioplasty, or by the presence of collateral blood flow at the time of acute angiography. A second multivariable analysis evaluating the association of the same variables with number of vessels with significant coronary disease at the 6-month catheterization found an association with both exercise ST deviation (p=0.003) and exercise duration (p=0.04). Angina symptoms and exercise treadmill test results in this population had limited value for predicting anatomic restenosis 6 months after emergency angioplasty for acute myocardial infarction. (Circulation 1989;80:1585-1594 The value of early angioplasty in the treatment of acute myocardial infarction depends not only on its ability to establish reperfusion of the infarct-related artery but also on its ability to From 
50% of patients after elective coronary angioplasty1 and in 18-45% of patients after angioplasty performed in the setting of an evolving myocardial infarction.2 A noninvasive method of identifying restenosis might assist clinicians and researchers evaluating these patients.
Angioplasty performed shortly after myocardial infarction has been shown to decrease exerciseinduced myocardial ischemia.3-5 Thus, restenosis in these patients might be manifested by an ischemic response to exercise. However, the role of exercise testing in detecting restenosis after angioplasty for acute myocardial infarction has not yet been explored. Because The purpose of our study was to determine whether anginal symptoms or exercise treadmill testing could detect angiographically defined restenosis 6 months after successful emergency coronary angioplasty in a consecutive series of acute myocardial infarction patients who were without interim events or contraindications to testing. Additionally, the relation of treadmill ST segment response to factors thought to be associated with greater myocardial salvage were examined in patients with restenosis.
Methods

Patient Population
We identified 321 consecutive patients in whom angioplasty of the infarct-related artery was attempted within 24 hours of onset of symptoms of acute myocardial infarction at Duke University Medical Center between April 1986 and April 1987 ( Figure 1 ). Of these patients 289 (90%) with a successful procedure were prospectively enrolled in a follow-up protocol involving a repeat coronary angiogram and treadmill test 6 months later. Myocardial infarction was confirmed by elevation of creatinine kinase (CK)-MB isoenzymes to greater than 10 IU in all patients who survived the initial 24 hours of hospitalization.
Predischarge events that disqualified patients from follow-up testing as part of this protocol included death (17) , repeat angioplasty for reinfarction (19) , repeat angioplasty for symptomatic restenosis without reinfarction (2) , and coronary artery bypass surgery (9) . Additionally, of the 242 remaining patients 173 (71%) underwent routine cardiac catheterization before discharge. This was followed by coronary bypass surgery in 13, elective coronary angioplasty in five, and detection of symptomatic restenosis in three and asymptomatic reocclusion in six patients, each of which resulted in exclusion from the follow-up protocol. Fifteen additional patients in whom asymptomatic subtotal restenosis was detected without evidence of exercise-induced ischemia were not excluded because they would not have been detected in the absence of routine predischarge recatheterization.
After discharge three patients who had reinfarction, seven 
Data Collection and Information System
The computerized medical information system used in this study has been described previously.7 Before both coronary angioplasty and follow-up catheterization, each patient received a directed cardiac history, physical examination, and resting 12-lead electrocardiogram. These data were entered prospectively in the computerized data base. Anginal symptoms at the follow-up visit were classified as absent or Emergency angioplasty was performed, as described previously,9 on suitable individuals or sequential lesions with 75% or more residual stenosis of the infarct-related artery. Lesions in other vessels were not approached during the initial angioplasty. Patients enrolled in the TAMI I protocol were excluded from emergency angioplasty if they had suitable subtotal stenoses and were randomized to deferred angioplasty.10 The TAMI II protocol deferred patients from emergency angioplasty if they had subtotal occlusion without evidence of ongoing ischemia.1"
A successful angioplasty was defined as a reduction from a 75% or more initial luminal diameter stenosis to 50% or less residual stenosis as determined by a panel of at least two angiographers using an ordinal grading scale of 0%, less than 25%, 50%, 75%, 95%, and 100%, as previously described.12,13 Each patient was routinely treated before angioplasty with a 10,000 -unit heparin bolus followed by a 500-1,000 unit/hr infusion for at least 24 hours. Patients were maintained on aspirin 325 mg/day, dipyridamole 75 mg three times a day, and a calcium channel blocker through the time of follow-up.
Follow-up left ventriculography and selective coronary arteriography were performed with multiple left anterior oblique and right anterior oblique views to determine whether restenosis had occurred and to establish the number of major coronary vessels with 75% or more stenosis. 
Results
Restenosis and Baseline Characteristics
Of the 144 study patients 58 (40%) had restenosis, 27 (19%) had other significant coronary lesions, and 59 (41%) had no significant lesions at follow-up angiography. As shown in Table 1 , most baseline clinical and catheterization characteristics, including age, gender, risk factors for coronary disease, infarct location, ejection fraction, and time to arrival in the catheterization laboratory, were similarly distributed between the patients with and without restenosis. Restenosis was associated with a greater number of diseased coronary vessels at the time of the initial catheterization (p=0.03). pretable results due to the presence of a left bundle branch block in three and a paced rhythm in one; they were excluded from logistic regression analysis. Among the remaining 140 patients, 23 patients (16%) had a positive test, 70 patients (50%) had a negative test after achieving target heart rate, 39 (28%) had a negative inadequate test, and eight patients (6%) had indeterminate results with no ST deviation other than ST elevation in leads with pathologic Q waves. Angina occurred during treadmill testing in only 18 patients (12%).
By univariable analysis exercise-induced ST deviation (p=0.02) and angina at follow-up (p=0.04) were significantly associated with the presence of restenosis while maximum heart rate achieved, exercise duration, test interpretation, and the treadmill angina index were not (Table 3) . By multivariable logistic regression analysis only the magnitude of exercise ST deviation remained significantly associated with the presence of restenosis (X2=5, p=0.02). The presence or absence of angina at the time of follow-up added no significant additional information. ST deviation remained predictive of restenosis even after accounting for imbalances in (Table 5 ). Presence of collaterals did not affect the rate of subsequent positive treadmill tests: among the 34 patients whose arteries were initially occluded, collaterals were present in one of eight (12%) with positive tests and in three of 26 (12%) with nonpositive tests (p>0.90). Additionally, among the 34 patients with baseline occlusions, time to catheterization was similar among those with positive (median, 4.5 hours) and those with nonpositive tests (4.9 hours, p=0.41). Delay in thrombolytic treatment did not appear to be responsible for the inability to have an ischemic response in these patients since among the 19 patients who reperfused after thrombolytic therapy, the time from symptom onset to treatment was actually slightly longer among those with positive (median, 3.6 hours) than in those with nonpositive tests (2.4 hours,p=0.01). Among the 55 patients with restenosis, extent and severity of hypokinesis were similar between those with positive and those with nonpositive tests (p=0.92 and p=0.68, respectively).
Discussion
Our study demonstrated that anginal symptoms and the results of treadmill testing in follow-up had only a weak relation to restenosis in a population of patients who underwent angioplasty for acute myocardial infarction. Importantly, this finding is based on examination of a large consecutive population of patients with a high rate of angiographic follow-up. In addition, this study is the first to examine the use of follow-up treadmill testing for identifying restenosis in a population that underwent angioplasty in the setting of acute myocardial infarction.
Previous studies have demonstrated that acute myocardial infarction patients who have a residual subtotal stenosis in the infarct artery are more likely to develop ischemia on subsequent exercise testing.3-5 In a study of patients with acute myocardial infarction, exercise thallium imaging demonstrated greater residual peri-infarct ischemia in a group randomized to intracoronary streptokinase than in those randomized to emergency angioplasty.3 This effect was related to the greater residual stenosis of the infarct-related artery in the streptokinase group. Others have shown that angioplasty within the first few days after thrombolytic therapy for myocardial infarction improved the ejection fraction response to exercise as assessed by gated blood-pool imaging.4,5 These data support the concept that angioplasty reduces the extent of myocardial ischemia in the infarct artery distribution and that exercise-induced ST deviation might indicate recurrence of stenosis of this vessel. The present study used the treadmill test to examine this hypothesis because the treadmill is the test most often used by practicing physicians to follow patients after myocardial infarction. 6 We found the clinical value of exercise electrocardiography for detecting restenosis to be limited. ST deviation of 0.10 mV or more had only 24% sensitivity for the detection of restenosis in our population. The specificity of the test, or percent of patients without restenosis who had ST deviation less than 0.10 mV, was 88%. The more clinically relevant way to look at these tests is to calculate the likelihood of restenosis given a positive or negative test result. The negative predictive value (the probability of no restenosis among patients with ST deviation less than 0.10 mV) was 64% while the predictive value of a positive test was only 57%. More marked ST deviation, although uncommon, yielded more useful results: ST deviation more than 0.15 mV correctly predicted restenosis in seven of 10 patients or 70%, and among patients with ST deviation more than 0.20 mV, restenosis had occurred in three of three patients or 100%.
The reported sensitivity and specificity of exercise electrocardiography for detection of restenosis after elective angioplasty for ischemic heart disease have ranged from 15% to 78% and from 33% to 88%, respectively.27 Corresponding figures for exercise radionuclide angiography are 75-100% for sensitivity and 5-75% for specificity while exercise thallium scintigraphy in this setting has a reported sensitivity of 42-100% and a specificity of 46-100%. Factors contributing to this wide range of results include differences in the definitions of angiographic success, of restenosis, and of a "positive" test result. Additionally, in most studies symptomatic patients or those with ischemic exercise test results were more likely to undergo follow-up angiography; those who were not restudied either were not included or were counted as not having restenosis. Using the same definitions and methodology as the current study (including a 96% angiographic followup rate), Bengtson et occluded, had no effect on treadmill ST response in this study. Potential limitations of this analysis include the small number of patients studied and the imperfection of these correlates with actual infarct size.
The high specificity of the test for restenosis in this postinfarct population was probably due in part to the aggressive approach to revascularization among patients in our institution, thereby reducing the number of incompletely revascularized multivessel disease patients who might develop an ischemic response from an undilated vessel. Before discharge most patients who presented to our hospital with acute myocardial infarction who had left main or multivessel disease, subsequent angina, or an ischemic response to exercise had already been triaged to coronary bypass surgery or staged multivessel angioplasty. Thus, only 19% of patients in our final study population had disease in a vessel other than the infarct artery as their only significant coronary disease at the time of follow-up. As a result an ischemic ST segment response to exercise occurred in only 12% of patients without restenosis, and only 40% of them had significant disease in another coronary artery. Additionally, although a strong correlation of ST deviation with number of diseased coronary vessels was evident, as in previously studied postinfarct populations,30 the majority of positive treadmill responses were associated with restenosis.
Treadmill test variables, such as exercise duration and maximal heart rate, that have less predictive power in routine treadmill testing17 were not significantly correlated with restenosis in this analysis. Angina at follow-up was less closely associated with restenosis (p=0.04) than was ST deviation (p=0.02) when considered alone, and neither this variable nor angina during the test was independently correlated with restenosis in the multivariable regression model once ST deviation was known. Second, other treadmill variables with significant predictive value might have been gleaned from an analysis involving a larger patient population with more restenosis events, but it is unlikely that any individual variable would prove to be more important than exercise-induced ST deviation.
Third, since the publication of several reports10,35,36 that failed to show improvement in outcome following emergency angioplasty for acute myocardial infarction, many cardiologists now perform angioplasty for uncomplicated myocardial infarction largely on a deferred basis. There appeared to be no difference in enzymatic infarct size35 or in preservation of regional wall motion'0 in patients who underwent an emergency versus a deferred procedure. Therefore, similar results to those in this report would be expected in patients undergoing a deferred procedure although this concept has not been specifically evaluated.
Finally, although overall coronary anatomy is a more important determinant of prognosis in patients with coronary artery disease than is information gleaned from exercise treadmill testing,18 no study has addressed the relative importance of recurrent stenosis in a vessel supplying an area of infarction. It is entirely possible that the results of exercise testing provide more clinically useful information regarding prognosis and patient management than does knowledge of anatomic restenosis of the infarctrelated artery. Unfortunately, lack of a consistent approach to management of patients with these lesions in the current study population prevents us from commenting on the prognostic importance of these restenosis events.
In summary, the exercise treadmill test was insensitive for the detection of restenosis in patients who had undergone emergency coronary angioplasty for myocardial infarction. The predictive value of the test result was poor, both for positive and nonpositive tests, although the test performed slightly better in the small subgroup (2-7%) with more marked ST deviation (>0.20 or >0.15 mV, respectively). Information on predischarge treadmill testing or anginal symptoms and treadmill test results at the time of follow-up added no significant information once ST deviation was known. Although the weak association of exercise-induced ST deviation with restenosis suggests that residual viable myocardium is preserved in the infarct-artery distribution, we were unable to detect any relation between ST deviation and factors previously associated with myocardial salvage. While these findings tend to diminish the perceived value of exercise electrocardiography in postinfarction populations such as this, they should not detract from use of this test in evaluating functional capacity, in directing exercise prescriptions for cardiac rehabilitation, or in assessing prognosis.
